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(54) MICROORGANISM GROWTH APPARATUS 

(57)Abstract: 

PURPOSE: To provide an outdoor apparatus for producing microorganisms, 
especially microalgae on an industrial scale. 



CONSTITUTION: This microorganism growth apparatus comprises the following 
combination: (a) many vertically extended transparent flexible cells capable of 
containing biomasses, respectively; (b) a vertical support means capable of 
vertically supporting the many cells in parallel to each other in a mutually close 
state; (c) at least one gas inlet and at least one gas exit making it possible to 
charge nutrients or a gas through the biomass to ventilate each cell; (d) at least 
one inlet and/or exit allowing it possible to supply a nutritive solution through the 
biomass and recover the biomass from each cell, and (e) a common carrying 
means connected to the exits and used for receiving from the growth apparatus 
the biomasses recovered from all or a part of the many cells and for carrying the 
recovered biomasses. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The following combination: Transparent flexible eel prolonged to many 
perpendicularly a biomass included; 

b) Vertical support means which makes the eel of said large number support 
perpendicularly in parallel [ make it approach mutually and ]; 

c) At least one gas inlet and one gas outlet which play a nutrient or other gas 
through biomass, and make ventilation of each eel possible; 

d) At least one inlet port and/or outlet which make it possible to make biomass 
collect from each eel while making biomass supply a nutrient solution; 

e) Microorganism growth equipment containing common conveyance means; 
made to connect the biomass collected from all or a part of eels of said large 
number with each of said outlet which carries out reception conveyance from 
growth equipment. 

[Claim 2] It is equipment according to claim 1 with which said vertical supporter 
material consists of a frame upright which has at least two vertical members and 
one top-horizontal-discharge member, and said top-horizontal-discharge member 
enables it to have supported the load of the eel of said large number. 
[Claim 3] The eel of said large number is equipment according to claim 2 from 



which many eels were made for many eels to hang the connection means which 
can be connected with the horizontal bracing of a frame upright from this 
horizontal bracing when it had and connected with said horizontal bracing by this. 
[Claim 4] Equipment according to claim 1 whose distance between two adjoining 
eels is 1 00mm or less. 

[Claim 5] Equipment according to claim 4 each eel was made to connect with a 
frame upright independently. 

[Claim 6] Equipment according to claim 1 two eels which adjoin respectively were 
made to connect by at least one point. 

[Claim 7] Equipment according to claim 4 which all the eels were made to 
connect and formed the single body. 

[Claim 8] It is equipment according to claim 1 which is the magnitude which at 
least one gas inlet consists of immersion pipes for air, and can permit sufficient 
air flow rate for the diameter of this immersion pipe to stir the biomass in a cel. 
[Claim 9] Equipment [ equipped with a cooling means to make the biomass held 
in said eel cool when predetermined temperature is exceeded ] according to 
claim 1. 

[Claim 10] Said cooling means is equipment according to claim 9 which consists 
of a water spray means. 

[Claim 11] Said eel is equipment according to claim 1 made from the ingredient 
which can be welded. 

[Claim 12] The eel of said large number is equipment according to claim 7 formed 
by setting spacing and welding it perpendicularly in the ingredient which can weld 
a bilayer. 

[Claim 13] The ingredient in which said welding is possible is equipment 
according to claim 11 which is polyethylene. 

[Claim 14] Equipment [ equipped with the path which makes between the eels 
which adjoined connect mutually ] according to claim 1. 
[Claim 15] Equipment according to claim 2 whose perimeter die length in the 
horizontal section of each eel is for 5 to 100cm. 



[Claim 16] Equipment according to claim 2 whose height of each eel is for 100 to 
250cm. 

[Claim 17] Equipment according to claim 1 which the configuration of the pars 
basilaris ossis occipitalis of each eel was a cone form, and prevented the 
sediment of biomass while promoting fluidization and stirring of biomass. 
[Claim 18] The following processes: Transparent flexible eel prolonged to many 
perpendicularly preparing-growth equipment which consists of combination of 
one degree:a biomass included; 

b) Vertical support means which makes the eel of said large number support 
perpendicularly in parallel [ make it approach mutually and ]; 

c) At least one gas inlet and one gas outlet which play a nutrient or other gas 
through biomass, and make ventilation of each eel possible; 

d) At least one inlet port and/or outlet which make it possible to make biomass 
collect from each eel while making biomass supply a nutrient solution; 

e) A central conveyance means to carry out reception conveyance of the 
biomass collected from all or a part of eels of said large number from growth 
equipment; 

2) It is filled up with the nutrient solution containing the cell which should be 
grown up into said cel.; 

3) Blow the air of sufficient amount to obtain stirring of efficient biomass, and 
clearance of the oxygen from this biomass on said nutrient solution.; 

4) Supply C02 of the amount which is sufficient for promoting growth to 
biomass.; 

5) Collect the biomass grown up periodically, carrying out the recirculation of the 
solution which settled the solid-state to said eel, while settling the solid-state 
which removed a part of capacity contained in each eel, and was contained in it.; 

6) Supplement said eel with a nutrient solution and/or the matter as occasion 
demands.; 

******, the method of producing the matter from a microorganism. 

[Claim 19] The nutrient solution for a supplement of a process (6) is the approach 



according to claim 18 at least a part contains the recirculation nutrient solution 
from a biomass separation process. 

[Claim 20] The approach according to claim 18 C02 is made to supply with air. 
[Claim 21] The approach according to claim 20 C02 content in air is about two to 
three %. 

[Claim 22] Said microorganism is the approach according to claim 18 of being 
minute algae. 

[Claim 23] Said minute algae are the approaches according to claim 22 chosen 
from chlorella EMASONI (Chlorella emersonii) and the Dunaliella kind (Dunaliella 
sp.). 

[Claim 24] The produced matter is the approach according to claim 22 or 23 of 
being beta carotene. 

[Claim 25] The produced matter is the approach according to claim 22 or 23 of 
being canthaxanthin (canthaxanthin). 

[Claim 26] How to make the matter produce from a microorganism by the 
approach indicated and illustrated intrinsically. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the growth equipment of a 
microorganism, especially algae. Furthermore, it is invention concerning the 
outdoor production equipment of the microorganism in industrial magnitude in a 
detail. 
[0002] 

[Background of the Invention] In the case of many to which light exerts useful 
effectiveness on such a microorganism, growth of the microorganism in the 
outdoors is carried out. The microorganisms raised outdoors are minute algae, 
and although reference is made about minute algae for convenience if it lets a 
description pass, it could usually understand them that it is not what is limited to 
invention of equipment for this to grow up other kinds including the kind of 
explanation which does not need the conditions of light for growth. As an 
example of the microorganism which can be grown up by this invention, they are 
true fungi, yeast, bacteria, large-sized algae (macroalgae), a plant cell, 
Nematoda, etc. 
[0003] 

[Description of the Prior Art] When minute algae have desirable biomass 
production of a industrial amount, it is usual that you are made to grow up in an 
outdoor pond, utilizing daylight for growth. Moreover, the attempt [ in / generally / 
in various equipments / industrial magnitude ] which was indicated by U.S. Pat. 
No. 2,732,663, No. 3,955,317, No. 4,868,123, etc. and into which minute algae 
are grown up with technical and the equipment containing the transparence tube 
in the outdoors in spite of having not resulted in the commercial success is made. 
[0004] However, the above-mentioned approach has a serious fault, production 
in a pond is inefficient —like - it is - light - through - being hard - it is faced 
with the problem resulting from the evaporation which brings about contamination 
by things, the intense temperature change among days, and the hostility 
microorganism, are recording of oxygen, and salt water-ization. Although growth 



within a transparent tube or a pipe is proposed, it all the well-known growth 
approaches not only have the serious fault that it is inefficient-like, but is 
inapplicable to industrial magnitude especially because of a raise in the cost of 
underproductivity and equipment. 
[0005] 

[The technical problem which that of invention tends to solve] it is. The object of 
this invention is offering the growth equipment of a microorganism, and the 
growth equipment of minute algae which is the outdoors especially and can 
acquire high output by low cost comparatively on a scale of industrial. 
[0006] 

[Means for Solving the Problem] The microorganism growth equipment by this 
invention is the transparent flexible eel which can include a biomass and which 
was prolonged vertically [ a large number ].; 

b) Vertical support means which makes the eel of said large number support 
perpendicularly in parallel [ make it approach mutually and ]; 

c) At least one gas inlet and one gas outlet which play a nutrient or other gas 
through biomass, and make ventilation of each eel possible; 

d) At least one inlet port and/or outlet which make it possible to make biomass 
collect from each eel while making biomass supply a nutrient solution; 

e) It consists of what combined a common conveyance means you were made to 
connect with each of said outlet to carry out reception conveyance of the 
biomass collected from all or a part of eels of said large number from growth 
equipment. 

[0007] Thus, since productivity with high growth in a perpendicular direction is 
shown according to this invention so that it may be mentioned later, a lot of 
biomass can be grown up also with the equipment which occupies a 
comparatively narrow location. According to the desirable mode of this invention, 
a vertical support means consists of a frame upright which has at least two 
vertical members and one suitable top-horizontal-discharge member to support 
the weight of the eel of said large number. 



[0008] In order to combine the eel of said large number with a frame, the 
connection means in which the horizontal bracing of a frame upright and 
connection are possible is prepared for the eel, and thereby, the eel of said large 
number is hung from there, when it connects with said horizontal bracing. 
According to one of the desirable aspects of this invention, the adjoining thing for 
which two eels are respectively connected in at least one point, and they are all 
connected mutually is desirable. This can be attained by various approaches, for 
example, opening is left behind to the weld zone between two adjoining eels so 
that a mass can be conveyed from one eel to other eels, or An external 
connection means can be prepared in the end of a eel, and all eels can be 
connected with a common means of transportation by this. Or by this For 
example, a eel can be emptied completely selectively coincidence or by turns as 
directed by the special demand of a system. This makes considerable flexibility 
permit about operation, and is also other advantages of this invention so that I 
may be understood. 

[0009] As mentioned above, one of the objects of this invention is offering the 
efficient equipment which produces the biomass of high yield, utilizing 
comparatively few tooth spaces. This is important. It is because the configuration 
of equipment is fitted to the amount from Sadao Tokoro of the biomass per 
square meter, and it moreover should not be less from the minimum value if it is 
**** thru/or in order to produce biomass in a industrial amount. In production of 
minute algae, it is admited for the time being in the fields that growth of the 
biomass of 25 g/m2 and a day is the upper limit of industrial production. However, 
the practical output of growth of the minute algae in Ikenaka does not usually 
exceed a 2.5-10 g/m2/day. 

[0010] In the desirable mode of this invention, the distance between two 
adjoining eels is less than [ 100mm or it ]. As far as transparency of light is 
concerned, this is important in order to make interference not only the object to 
which the volume of equipment is made to increase but between the adjoining 
eels into evasion or min. In summer monthly, the equipment of this invention 



makes it possible it not only to make it possible to avoid too much elevated 
temperature, but to acquire higher more desirable temperature in winter monthly, 
though the conditions of a wonderful light are utilized. 
[001 1] Production of the minute algae in the equipment of this invention has 
without the need for pH control the important advantage of enabling precipitation 
of the minute algae at the time of recovery. Before settling a frond in the 
collection machine of a suitable cone configuration with the equipment by the 
advanced technology as compared with this, for example, it is necessary to 
control pH in an algae content nutrient solution. If it does not do so, it is because 
imperfect precipitate arises, or precipitate does not arise at all and biomass is 
carried away by the nutrient solution from a precipitation field, while collecting the 
Dunaliella (Dunaliella) kinds which are algae important for biomass production, in 
order [ for example, ] to obtain precipitation pH of biomass - usually - about 
[ of a value / 7.0-7.5 to ] - it is necessary to make it fall even to pH 5.5 It is the 
pH same in contrast with this, when growing up the Dunaliella kind with the 
equipment by this invention, for example, is pH 7.0-7.5 as growth occurs. 
Precipitation takes place. This operation that must have been expected is not 
fully solved, although it is also a part of this invention. Although it does not desire 
to be limited by any special theory, the artificer etc. thinks that the reason of this 
operation was made to contrast with the cell density which per volume increased, 
or the conventional approach, and was produced by the algae made to grow up 
by this invention by the increment in various matter like beta carotene, which - 
an imitation - this operation makes it possible to make growth equipment 
circulate through a nutrient solution immediately after precipitation of biomass, 
without performing any processings and pH accommodation. 
[0012] Since a lot of cytoclases are not produced, either excluding what kind of 
mechanical processing processing (for example, centrifuge method), it is not 
polluted by organic substance like glycerol or beta carotene, therefore a nutrient 
solution can carry out direct circulation of it. This excels the process of the 
advanced technology in this contractor in process and economical considerably 



so that clearly. It is because it becomes important economically like [ in the case 
of being based on this invention ] to circulation of a nutrient solution not being so 
important for when industrial production is taken into consideration when the 
process of the advanced technology is performed by the laboratory scale. 
[0013] While this invention sets like 1 voice and each eel is independently 
connected with a frame upright, it approaches mutually and these eels are 
arranged so that a single body may be formed. According to the most desirable 
mode of this invention, all eels are made to form a single body by connection. As 
for a eel, consisting of an ingredient which can be welded is desirable. Therefore, 
the equipment of this invention can be assembled in various modes so that I may 
be understood by this contractor. For example, many eels approach mutually, are 
prepared independently and can weld the adjoining eel comrade after that. 
According to the still more desirable mode of this invention, many eels are 
vertically formed [ distance ] by placing and welding in the ingredient which can 
weld a bilayer. 

[0014] Moreover, although you may consist of what kind of suitable ingredients 
as long as it has a mechanical and optical property, it has become clear that 
polyethylene is a convenient and suitable ingredient with suitable not the place 
that limiting the ingredient with which a eel is formed means [ person / this 
invention ] but such cel. It is easy to weld polyethylene and is because the 
permeability of light is good and comparatively strong also to the wear under 
actuation. As other suitable ingredients which may be substituted for and used 
for it, a polyamide, PVC, etc. are mentioned together with polyethylene, for 
example. 

[0015] A separate eel can be made to connect mutually in other modes of this 
invention by closing biomass and/or a nutrient solution from one eel, if the 
passage and circulation to other eels are possible, for example, using connection 
means, such as a tube and opening. This is convenient for the application in the 
case where he wants to make the conditions within each eel homogenized as 
much as possible. 



[0016] Although it will be understood by this contractor, even if the width of face 
of each eel is too small, it cannot be too large. It is because cause the 
malfunction of equipment, circulation of a solution or biomass is made difficult or 
various inconvenience is made to occur with an unsuitable dimension. Therefore, 
as for the perimeter die length of each eel, it is desirable to consist of 5cm - 
100cm so that it may be limited below about a drawing. Similarly, as for the 
height of each eel, it is desirable that it is for 100cm - 250cm. The too short eel 
will limit the possibility of a volume greatly, while a too tall eel causes the difficulty 
of actuation, although it will probably be clear for this contractor. 
[0017] The cross section (seeing as the level surface) of each eel can serve as 
various configurations. However, generally for the ease on structure study- 
reinforcement and manufacture, elliptical is desirable. He could understand 
further **** thru/or other focus, and the advantage concerning this invention by 
the publication of the following desirable modes, referring to a drawing. 
[0018] In drawing 1 , this equipment consisted of a frame upright that whole is 
indicated to be by 1 , and this frame upright is equipped with the base 3, the 
vertical column 2 connected with the ground surface by 3', and 2'. A horizontal 
bracing 4 is used in order to hang each eel, and the slot will be used in order to 
make each eel convey gas. The eel of the example of a graphic display is a 
duplex eel which consists of two separate eels 5 and 6, it approaches mutually 
and a majority of such duplex eels are arranged in order to make a compact 
single body form. It is not desirable for the clearance G in drawing to be shown 
only for an illustration, and to usually establish such a clearance in the equipment 
of this invention. 

[0019] As mentioned above, gas is blown into a eel through the pipe 7 on the 
basis of the central pipe with which it was equipped with many T form connection 
members 8 while being able to arrange it in a horizontal bracing 4, as shown in 
drawing. Gas is discharged through opening in a eel (not shown). The central 
pipe 9 is formed in the pars basilaris ossis occipitalis of equipment, and this 
central pipe 9 is connected with the pump member (not shown) with which is 



arranged far away from the equipment concerned, and much same equipments 
are presented. Restoration / recovery tube 10 is formed in each eel, pumping of 
the biomass contained in the eel through this is carried out with a pipe 9, and it is 
collected. And it re-fills up with a nutrient solution by reversing the direction of 
pumping. 

[0020] The example of a graphic display shown in drawing 2 shows the 
equipment concerning other desirable examples of this invention, and according 
to this, all eels are prepared in the single body. These eels set the polyethylene 
of two sheets, and it welds and they are formed so that an opening eel may be 
formed in the two sheets. It is made to form a eel 1 1 , as drawing 2 (a) is shown 
by the welding line 12 and 12' which demarcate the boundary of a cel. The 
include angle is provided in the soffit of a weld zone as shown by the arrow head 
13. The reason for having made this cusp weld zone form is that it is desirable to 
establish a cusp edge in each eel in order to flow out at the rate to which the gas 
introduced into that location with the immersion pipe was made to increase, and 
for up to go and to promote fluidization of biomass by that cause. 
[0021] As shown in the equipment of drawing 1 , a frame consists of two vertical 
members 2, 2\ and a horizontal bracing 4, and the eel group collectively shown 
by 14 is hung from this horizontal bracing 4. Like the example mentioned above, 
the entrainment of gas (usually air and 2-3% of C02) is attained by the pipe 7, 
and the recovery and re-restoration of a nutrient solution in each eel are attained 
by the tube 10. And it is made to connect all these tubes 10 with a pipe 9, and 
they are made to connect this pipe 9 with a pump means further. 
[0022] If radical preparation of a majority of such equipments is carried out, it will 
be understood by making it empty or being re-filled up with one or a large 
number of these equipments, or all equipments at once, according to the 
capacity (however, the flexibility of actuation being made rich if a majority of such 
equipments are used) of piping and pumping plant, that recovery and re- 
restoration of a nutrient solution can be performed. 

[0023] a majority of equipments as shown in drawing 2 with the natural thing -- a 



single tier - arranging or an edge and an edge doubling - arranging 
assembly ****** - it can do - ** - the array of equipment [ like ] is acquired. 
Moreover, this will be understood if it looks at drawing 2 R> 2 (b) which saw 
equipment from the side face. Drawing 2 (c) shows how the eel group 14 of 
drawing 2 (a) was assembled. This drawing is a sectional view when seeing in 
respect of AA of 2 (a), and the weld zone 16 is formed between the ingredient 15 
of two sheets by which isolation arrangement was carried out, and 15\ The last 
configuration is a configuration of many eels, and the distance between eels is 
the distance between weld zones. 

[0024] As mentioned above, it is desirable during a hot time zone, especially a 
summer to cool biomass. Although this can be attained by various approaches, 
the convenient means of cooling consists of sprinkling along with each eel, when 
atmospheric temperature rises. This can be easily attained by making a water 
spray means arrange to the perimeter of the upper bed section of each eel 
connected with the common feed water pipe. Water spray is attained by the 
temperature control by the thermocouple inserted for example, into the culture, or 
this contractor with other suitable obvious means. By making the outside surface 
of a eel become wet, cooling of the biomass by clearance of the evaporation and 
the heat from a nutrient solution is possible. 

[0025] The equipment of drawing 2 is used for conducting comparative 
experiments with growth by Ikenaka so that it may mention later. 
[0026] 
[Example] 

Example 1 equipment is produced according to the example of a graphic display 
of drawing 2 which has the following structural description, namely, the horizontal 
section of each eel - a boundary length - :40cm, height-Total:2.0m, and Full: -- 
between two eels which adjoin 1.80m distance:2cm. In this equipment, growth 
of green minute algae chlorella EMASONI is seen, and many matter is obtained. 
On the outdoors, it started from 1x106 cells/ml biomass, and growth was 
performed using N-8 nutrient solution shown with the following table 1 . 



[0027] pH of a solution is 6-7. 

[0028] 

[A table 1] 

m 1 



ft % %L*%L*®m§L (g/1 ) 

KN0 3 0.1-1.000 
CaCl 2 x 2H 2 0 0.013 
Na 2 HP04 x 2H 2 0 0.260 
KH2PO4 0.740 
MgS0 4 x 7H 2 0 0.050 
FeEDTA 0.010 
Al 2 (S0 4 )3xl8H 2 0 0.035x10^ 
MnCl 2 x4H 2 0 0.013x10-3 
CuS0 4 x5H 2 0 0.018x10^ 
ZnS0 4 x 7H 2 0 0.032 x 10-3 

CoS0 4 x 7H 2 0 0-018 x 10^ 

[0029] Same growth was performed in much Ikenaka who consists of area 2 and 
a depth of 20cm of 1 m, stirring with an impeller. Both cases of initial condition 
and growth conditions were the same. Many parameters were measured with 
time and the experiment was conducted for 21 days. Measured value was the 
content of the number of cells of minute algae, biomass, carotinoid canthaxanthin, 
and chlorophyll. The content of these coloring matter serves as a scale of the 
effectiveness of an optical operation so that clearly for this contractor. 
[0030] As shown in drawing 3 thru/or 6, the production in all the cases in the 
equipment of this invention is farther [ than the production in Ikenaka 
corresponding to this ] efficient. Only as for canthaxanthin, the difference became 



clear 12 days after. The parameter measured as mentioned above shows the 
efficient nature of the equipment of this invention. 

[0031] The detail about chlorella EMASONI (Chlorella emersoniini) was shown by 
the example 2 above-mentioned result. However, it is clear that the same 
advantage exists also in growth of other kinds. This advantage is still more 
remarkable when the matter which will be produced by microorganism like a 
carotinoid like the case of an example 1 is produced by the concentration 
depending on the ability for high interest of the light of a cell. For example, when 
Dunaliella BAL DAIRU (Dunaliella bardawill) was made to grow with the 
equipment of drawing 2 , it turned out that it becomes clear that such growth is 
effective similarly, and it excels as compared with growth by Ikenaka. 
[0032] The following reaches constitutionally and the data on actuation are used 
for these experiments. 

The solution containing the component enumerated by the following table 2 as a 
nutrient solution nutrient solution was used. pH of a solution is 7-8. 
[0033] 
[A table 2] 



m 2 



m % *jmm*<pnm (g/ 1 ) 



NaCl** 


150-250 


NaHC0 3 


0.420 


KN0 3 


0.03 - 0.09 


CaCl 2 x2H 2 0 


0.030 


KH2PO4 


0.272 


MgS0 4 x7H 2 0 


1.240 


MnCl 2 x 4H 2 0 


0.400 x 10- 3 


C11CI2 x 2H 2 0 


0.040 x IO- 3 


ZnCl 2 


0.040 x 10- 3 


CoCl 2 x6H 2 0 


0.015x10-3 


H3BO3 


0.600x10-3 


(NH4)6Mo 7 0 2 4x4H 2 0 


0.370x10-3 



** Dissolved in tap water. 

[0034] The equipment by which the growth equipment activity was carried out is 
shown in drawing 2 , and the height of each eel is [ 36cm and the total amount 
per each eel of 200cm (total) and 170cm (full), and the perimeter die length of 
each eel ] about 181. The array of four trains (four sets of namely, the equipments 
shown in drawing 2 ) is adopted, and including 30 eels per train, die length is set 
to 4m, and the total capacity becomes 5401. and turns into a total amount of 
21601. as the whole equipment. The distance between each trains is 2m, and the 
gross area which the whole equipment occupies is 27.2 square meters. 
[0035] A pipe 10 ( drawing 2 ) is initiation minded [ of growth ], and it is per 
[ 3x105 ] ml. It filled up with the nutrient solution containing D. BAL DAIRU of cell 



density. The concentration of 8.6microg [ ml ] /and chlorophyll of the 
concentration of the beta carotene in the solution was 1.0microg/ml. 
Recovery was performed, when the measurement concentration of the beta 
carotene in a solution reached [ ml ] in 40 to 60 microg /in a summer and the 
value reached [ ml ] in 30 to 40 microg /in winter on the conditions that the ratio 
of concentration of the beta carotene to recovery chlorophyll is eight or more. 
The number of cells per 1ml of culture medium was [ 1.5-2x106 and the 
summer's winter ] 1 -1 .5x1 06. 

[0036] Recovery is performed by making ejection and this precipitate on a cone 
tank in 50% of a solution through a pipe 9 ( drawing 2 ). Precipitation is 
completed about 12 to 24 hours after, and the up fraction from a tank is again 
returned to a eel through a pipe 9. The nutrient solution fresh to each eel was 
filled up. The biomass made to precipitate from each eel occupied about 3% of 
the whole eel product. 

[0037] The engine performance of performance test equipment was determined 
by the amount of beta carotene you were made to produce. Two experiments 
which are different in winter and a summer, respectively were conducted. 
The production production test of a summer was performed at the period on April 
30, 1991 to June 11 (for 42 days), 1991. The test result is shown in the following 
table 3. 
[0038] 
[A table 3] 



am 

5 JU 1 
53 2 0 
53 2 6 
53 3 0 

6 3 2 
6 3 6 
6 3 9 
63 11 



8 - ft n f- y 0) 

mm 



/S - ft >i 
(mg/l) 



a 

0 
B 
B 
0 
B 
B 
B 



hngfinU 

a 

53 



40.5 
26.5 
23.0 



46 



42 



21.0 



41 



40 
41 
30 



20.5 
20.0 
20.5 
15.0 



[0039] In this experiment, the beta carotene of total amount 403.92 g was 
produced. The temperature of the culture medium of day ranges was 28 to 32 
degree C (maintained by cooling by the sprinkler). The reinforcement of the 
sunrays in the area concerned was 2,000-2,500microE/(m2 xsec). 9 cis-: All 
trans-isomer ratios were 60:40. 

The production production test of winter was performed at the period on October 
20, 1991 to December 8 (for 50 days), 1991. The experimental result is shown in 
the following table 4. 
[0040] 
[A table 4] 



£4 



(1991) 



mm 

Smglsah 



(mg/1) 



103 2 
1 1 /§ 

i i n 
i i /n 
i i n\ 

11/52 
11/12 
1 2/1 



7 
4 
8 
8 



6 
3 
7 



B 
B 
B 
B 
B 
B 
B 
B 



32 
36 
30 
32 
36 
37 
27 
36 



16 

18 

15 

16 

18 

18.5 

13.5 

18 



[0041] In this experiment, the beta carotene of total amount 287.28 g was 
produced. The temperature of culture medium was changed in for about 20 
degrees C at 4:00 p.m. from about 5 degrees C at 8:00 a.m. The reinforcement 
of the sunrays in the area concerned was 100-700microE/(m2 xsec). 9 cis-: All 
trans-isomer ratios are 75. : It was 25. The above is not for being carried out in 
order to show an example, and limiting this invention. This invention can be 
applied to growth of the microorganism of varieties, and is not limited and used 
for specific biomass. Furthermore, it is the limitation which does not deviate from 
the range of this invention, and it is possible to offer the configuration of a 
configuration, a eel, or a frame where many differed, a component, etc. 
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[Brief Description of the Drawings] 

[Drawing 1] The equipment by one example of this invention is shown. 
[Drawing 2] The equipment by other desirable examples of this invention is 
shown. 

[Drawing 3] the comparisons of the number of cells been alike and related are 
indicated to be growth of chlorella EMASONI (Chlorella emersonii) made to grow 
by Ikenaka, and its growth by this invention. 

[Drawing 4] The comparison of the biomass of chlorella is shown about Ikenaka 
and the equipment of this invention. 

[Drawing 5] The volume of the canthaxanthin (canthaxanthin) in the equipment of 
Ikenaka and this invention is shown. 

[Drawing 6] The comparison of the volume of chlorophyll is shown about Ikenaka 
and the equipment of this invention. 
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1 

ft. •en-€ r n©-fe;KD^>9 i i/-i/3>«:Pillic-r*. 

d) ^«»tSA'-f^^lCWI&1i-UJe)Sttt)lC#-t^ 

< tt>-o©AP&tf/XtttiJP ; 

e) »B^o-b^o^«xttH»*6ia«aEnfc/M 

MHB9t2] iBIIXiMtttt, 

seat* t-*<D_tm*¥&m&t ssis 7 w-a* 

*¥Wf cans ftfc <h * fc«k©-fe;kjW«*¥aBf3J> 
6*»©-feJp]Wi«* L ft 6 ftfciWiE 2 fB8©8tl. 

[W*«4] »ttr-5-^©-t;nw©iE(i*u 0 om 

ft&ftfcg|3R3i4fE«©gB. 

^Tii«e-a-uft ^nfe«*« 1 ffl«©8B. 

S»*Ufc»*«4E«©»B. 

»/vr7>sfco, otm/w :/©»««, -fe;n*©/t 
#ST?*stt#«ie«©gH. 

fc»#«l!E«©S!H. 

*^9ia«©ss<, 

1 1 ] WB-feMk *»UIEtt*f »*» 6# 6 
ft*M$*iett©£it. 

[»*«12] WB**©-fe/HJ. rfl©8«U«fc 

sft&8t#»7ia*©gii. 

w*«i3] tWE**^^8»tt#'Jxyw>-c 

att««*.fcft*8t 1 E«©gg. 



(2) ^18^6-20 9 7 5 7 

1 5] teJHDMWfBTanvakzifi* c 

m*>6 1 0 0 cm©WCJb-5SI*«2E«©Kg. 
[B#B16] 6-fe;W©i§S;*tfti 0 0 cm*>52 5 0 
c m©WT&5fil*« 2 ffi«©gH. 

Ht**i7] **;w©*«©jw*#h*»t*d. 
/t-f * vx©wwi:»tf«**«a-r * 1 1 h k/w * 

^ A©tt«ftl!i.[fcl/&»*S 1 12«©gfi. 
HMH18] OT©X8: 

1) xvM*Gt3*&$ii*&tmm*Mxr*zb •. 

10 a) m*VXS^trtt*fC#S, MOtfttAC 
BtHtiWIft *Mtt©-fcJI> ; 

b) UB**©"fe**snit»ifia*T, a^jicaog 

c) /W^A*aLT**£Xtttt©*fA***A 

n. -?-ft j E f ft©-b;p©^>f i i'->'3>&nitgic-r^. 

d>fc<fct>-:3©:tfAAPfc-:3©:»Xffln : 

d) &%®&rm"?7>\z&%iKltbz>ttb\z&-t.)l 

<tfc-^©APfttf/XttWP ; 
3? e) MBMk©**©^XttH^SB«SftfcW 

2) tte«jucj$jt3tt**eMi«£&£**fK&£ 
arrant ; 

3) »Wtt/M*VA©llW&W«-f*T^*»6© 
»*©»**«» 6ft*©C+»tt«©aftftlOB««* 
lzft«Aft«;:fc ; 

4) j«fi&«Jtr*fcJE*«©CO»*/H*TXfcft 

30 5) 6^fc£*ftfc$«©-«£»4U 

SftfcH#«W3tt*fcfc , blC, 0tt£H:jB;*-&fc*S 

x*jaB»iciaii!rr«Jit ; 

f^it ; 

[fffll 9) 18 (6) ©*t*ffl*««ctt, '>&< 
trM*gl 8Ett©m 
•5M&R1 8Eft©#tfc. 

[tt&H2 1] 3MM»©COiS**Wft2-3X-e 

&&M#«2 0£«©m 
1 8ta«©*ji. 

MMHI 2 3 ] MfBI&/jNg!8tt> fPl'?- XV- V 
- (Chlorella enersonii ) Rtf F*'JX9* (Dunali 

ei la sp.) *»5a«*ftfc»*a2 2iH«©m 

[»#JR2 4] 48Sftfci!)S«. (8-rtD^>"e& 
50 S»*«2 2X«2 3f3»©m 
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(3) 

3 

(canthaxaottain ) T<6£«#9|2 2XB2 332«©£ 
& 

[$#312 6] *HWICi2«&I/^$nfc*S-C, 
[0 0 0 1] 

gaBitw-r*. ascftamtt, i*«aaT©ft£ 

^©M^4««BirM-rs5g^T**. 10 
[0 0 0 2] 

[ftW©»R] Mfl.T©ft£a©fi!c&tt. #*<*©£ 5 

sn*. aflTaaansftaaii, a*, «/mbbt 

TftftT***. Z\<DCt\t, afifca0ftff«a»fcL, 

&v>a*a»Ta©afc*fta**fc»©aa©awK 

tt. *SS< »#> /\*7t'J7, (macroalga a? 

e) . aam su&gifc£-efcs. 

[0 0 0 3] 

[&*©&*&] ft*aaa. BMttfflwtvxai 
a^©jfi"cj*s-&i/»6n«©*»a#T**. *&, * 

HWMB2,732,663*, $3,955,317*1. RT/^4,868,12 

3^&fi:i8ssnt. a*©ga«. -awic, ia 
«a«fc*»*taw9Rtwai»aaicaoTv»ftv»K 
"b**>bsr. an*coaa^a-^*w«aT?«/h 
aa*d*s**tt**«fcsnTv>*. 30 

[0 0 0 4] ±E^?aJ4a*ft^jfl[*"b 
oTM. »T©afttt#»*«T*0. **ai/C< 

net, -B©55-c©»bv>aaafls. a^a^atc 

CiT©4w^aa$nTn**«, &a©aa#att£ 
t. *a»we**t^5a*ft^jStft*r*o**6 

1*. ftfc. ft*attR:86B©a:JXhfc©fc*fcia 

[0 0 0 5] 40 
[56fH©*«aftUJ;5t-r5»H3 #89!©itt«. ft 

£&©dcfi8B, ftc. a*-c. iawaa-ejtt&w<!i 
3xhfcj:D*v>4aa*»«i:fc**T**. «*aa 

[0 0 0 6] 

[aa*«»-r*&a&©*SH *aacj:-6ft£ftaft 
aa«, 

a) m*T^*attct*tr**, aftaaacatf 
fcaaftiratto-k* ; 

b) aBaft©-fejw*EwcaasitT. aataoa 50 



&§l¥6-2 0 9 7 5 7 

a3WdK$»ttL»*ae3ato« ; 

C ) /w*vx*auTfta»x»tt«>itfxaa*x 

n, *n-6n©-fe;v©^>9 i u-i/3>«iratf *. 

^*<tt>-o©^XAPt-^©^XItiP ; 

d) *aaft/H*vxfc«atfL*«fci'btefrfcJi< 
*>6/W*VX*H«*L»6«J:i*liaKr*. 4>fc 
< fcfc-^OADRtf/Xttttin ; 

e) aaa*©'fe;w!)a«xtt-a*6B«sn&;H 
*vx**aaB*>6atfao«aa*«, wsap© 
#*caa4H66n&*aoaam ttaat>* 

[0007] ^©i^icuT. aaan*«t5ic. *a 
at«knn aa35?i<dT?©afi««an&att*jK-ro 

*aas**jid:««T!**. *»M©#*u^aafcj: 
n«. aaaaaart. £*>-*©«««# t, 
ttEaft©-bA^>aftta»f*©c»aft-*©±« 

[0008] aaa*©-fe;i'a7i'-Afcaas*«& 
aic, -fe,»ncttaa7]/-A©*w»ta»Taaa 
»#a««aa*nT*D, taie^a©-^ 
a. ae*¥««taaan&i*fc. *!i«»6«Tif 
sns. *a«©ff*u>aa©— scknu. aa-r 
=o©-fe;H*ii>^< t fe-afc*t»Taa»anx 
*d. ^ns^i-^Tasicaasnrnsit^a* 
u>. ;:nij. «*»j!r»fcj:"3Taaf *cifl«aa 
•ea*. a*, a. —3©-t;u*»6a©-fe-«^v^«aa 

^asnfco. *«wt. *«aaaa*. a*tf-fe* 
©*ac*v>T. aa+*!it*tT*. cnicio^x 
©■fe;p&#a©3ft*SKaa-fs unic 
±0. a*tf. •>x^A©aaa:»*fcj:t>TjB«sn 
aaoic. aa<bu<asaic. %£\zx\t&#mz, 
-tnzmztzzttfuzz. z\<Dz.tit. mmznz 

agfcHUTffl3©m«ft£W$1t:L«>5fc© 

t&o, *aa©a©*iar'b**. 
[0009] ±ai/fc«k5fc, *aw©B«©— 3»» 

vxtaa-rsaawftaataafftcfc**. c 
©ittaag-e**. fc-tffcfc. ia«a-e/t'f*vx 
*aaf*fc»cB. aa©«a*¥*^-h;us&D 
©/vrtfvzoaaaaafcaasttfcttfc&fc^u 
t^fc, a^aiotTHs^tftv^ST**. a 
/haa©4ai:*v»T. 2 5 g/m j ■ b©aw 
©^fi*<. iaw±s©±KT$.^ts»^-ctts»e» 
nrv>s. u*»bttjj«6. »<fr©ft*aa©j6£ft©a 
■naaaaa. a«> 2. 5-1 o e /m*/Bzm 

cooio] *aa©»*Lt»aac»v>T», aa-r 
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(4) 

5 

5. z.n\t. ftwssjiKraTaiso, &wv>±m&zm 

e> t>ia#©ssii*iHji8Ts n t &BiiBfc-r*«* 
[ooii] *8gn©gEicfett*i8/h8$i©£g«, 

pHMfpe&S&l/i:. 0iR«rfc*lt5tt/jN«Soa3B 
S^Ttgir-T^ t 3«S^:fiJ^*t*-5. ztitttftl 10 
T. jfefrttflK J; «A.tf. aaftPMHBtt 

©««*rtlC«*«l«att*ltlC. 
©pHSfflSp-rs&g^&S. fc-lffcStf, *5Lfclt 

«>IT»«F^UX9 (Dunaliella) a*BOTSIII 

7. 5fr e,ttp H5. -cfiTs-a-^s^**. iint 

j*ftSttfc*fck:tt. ^fi^e-rsot^UpH-p, 
0)*.tfpH7.o-7.5 rtJcmaimzz. z.o^mLZ.&ft 
ffltt, $»$©-«&■? +mz\mm^nx^ 

*a*fcv>#, £©flyH©«*tt#*3fc 

unit, «*tf/j-*D^>oj:5ma*fl!>iMioJWio 
fc**. Ji©fMitt, if 

©i^ftMafcpHHSSfcfTto-flC, A'<*VX©a« 30 

&mz. mm*&mmzmmii^zz:t*»]mz-t 
co o i 2] E<n&oiz®mimx!imh'S*.-f mx 

&^©-C, *«&«?'J-fen-;K>j3-#n^>©,fc5 

oic. £n\tftftm<D7ttz*Qb®&mzbm% 

»fcfc*fcD«nfc'b©T**. fcttfc&tt. fcfT&ffi 
«***a«2Mraifcv>©fc*fU #8B9lfc«fc.&«S 

©«i:5ic, x%$}>tmm&-£nfttz£\m&mzm 

[0 0 13] *58W©-««fc*tiT. ft^O-fe^BW 
4££ll7U--Al:aig3ttS2:2:fe£. -tnfe-fe^tt 

5. *£91©ftf>tf:3:lsfr>S*£J:tti£ £T0**# 

t. ^g^ic ragman* #«k©8B««4 a? 



ft&i¥6-20 9 7 5 7 

[0014] -fe;w»jai3n6»»«iHjrr*i:itt* 

[0 0 15] *^W©tt©^filtC*V»T, H*©-fcjP 

naffifc£©tti«¥&£jsv>« c t c * offisicsj&s 
**5it!8«-e**. eins. *tueft©-te;n»rr©*fr 
*-e*6RD^Rfl:a*fc^**T©afflfc««T* 

[0016] s*#ictt«!Psn*-e*«5jo«. &*© 
*ji/©«tt*s»trTt>*£ffltrTt>wt&^. 

HfiSti, HHfcBbTKTT?|R«an«J:3fc, 5 en 

~i o ocn*>s*5wt*j»sL/K mmz, #4©-fe 

^©JSSBI 0 0cm~2 5 0ciD©Wt»-5Ct*JS*l/ 

V>-feJHt*fP©HJi*ffl<-*, **DK#©ttV>"fe^ 
tt*M©^ffltft*£b<IRffiLTUS5*e*$3. 
[0 0 17] &4©-fe^©8l»rffi (*¥HtUTJlT) 

fis^sji±©$att©fc*»ctt. «njg«*t-ttWK 

ffkl/Vi. *«9Ifc«©*±iB7>Mte©ft«J&&tffiJJ? 
B. HBft#lil/ft]8(&. aT©ff*l/t>tt«©B«K: 

[0 0 18] ^©SHB. *©^#^1 

-7 3. 3' iw«fco»Htaiiesnfcatf[tt2, 2* s 

«ATVi*. * 3 F68$J4ttiS^©-k;l'S:«0Ttf^fc© 

tffl^sn. »ttft^©«fe;nc#xswaia**&»K: 
;i/5. e^s^sxa-fe^-csbo, ■e©<k5a:*«©x 

Cfi*UTBBSnTV>«. Ht*»J*«imGttBH»© 
fc»tc©*^sn&'b©-c*oT. fi«, ^©.k^^BI 
W«*»W©HE«K:*W* - b BSS L < 
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7 

[0 0 19] MiBl,fc«fc 5 \Z. im*> 0»c*atlSJ; 

4 ttb\z£1k<DT 

savant, «t>jfe/vf7£jgj&ttfc/t 

**/W79*iBtt5nTi5D, K**/Vf79B, S 

km* 55i*csiian*^*»o^«©siiic«a 
ns^- L-r-t ;m« nt aw # vxav-w ^ 9 ic 

[0 0 2 0] ^iSfrgflfcHTrfltt. #55W©AS©ff 

tt. r*©#ijxyi/>*£*>1*. *©rtt|flfcffi|Bfe 

(a) fc*^T»Sn*»<, -feJH IB, -fe;K0«5# 
^H-rSSS^'f >1 2, 1 2' CioT»JSJt*l/»6 

nrws. 3T*att*J:5c. j88hb©tjrk 

IWMfeWRttT**. £©5fe*8a««J&8-frU©fcl! 
SB, «»/H7C±D*©««fc»A3nfc#**«t 

[0021] ai ©geic^an-si^ic, 7U-a 

B. -*©^«S15»2 < 2' i, *¥«»4t;fr&fc 
B£gRtf2-3?£©C02) ©K*&«M*/'W:77T»fc 

an. st, ft*©*;ncfi»*«*«©ia«RWi* 
90.9-3.-71 okj: parens. *lt, cn&^ 

[0 0 2 2] C©£3tt8B#gHttB*£fttttf. * 

nesa©i*i©-oxB^»s, *sv>B£gS£-s 

IC, E^Xtf#>78B©®ftK(Si;T <fc«U d© 
i 5 &8B£#ft«ffitntf8fe©SW4£**-B:* £ 



(5) ft§8¥6-2 0 9 7 5 7 

8 

[0023] smazkitifiz, H2»c*ant±5)ft 
*ti#&ns. st. rnB, Sfi&^©ffliffi^e*tH 

2 (b) £Hi©ftBa#2tt*T*35, 0 2 (c) 
B. 02 (a) ©-fe/km 4**MftC»4T&nfcfl»* 
^•f'b© , r»^. £©0B, 2 (a) ©AAffiTjltt 
£©®r®0TfcO. RmB*nfc=:tt©tm l 5. 1 

jo 5" fflMicjgssau 6atgwe>n-o>s. *-©g»jtm 

B*&©-fe^©SMKT*r>, -fcJUW©Bg«Bi§&aSIW© 
[0 0 2 4] ±JE©«t5lC, #»*m*. »tJOB«t» 

&«. cni**a©**/t'f^ca«anfc, &*©-& 

*©JJ8*©«Ht«*^afcE«*U©*CtfcJ:0 
*aca*-e*S. K*tt. «AB, %&®>mzWA2 

[0 0 2 5] 0 2©8fitt, «fi"T*J:3fc. tt*T© 

t©Jt«S««ff 5 ©K«V> 6*1*. 
[0 0 2 6] 
GUMD 

KBB, *©M&^«eOTSH2©H*MlcLfcfti 
©Kffl^a : 40cm . i«£ -Total : 2. On, Full : 1.80 

m, mmz-?<D-t)i®mm 2cm. *»hc*v>t. 

»{S«<Mm^n]/9«xv-y=©j«ft««Jt6n, * 

n*» &#*©•««»» sn*. b*k*v>t. 

IX 1 0 , cells/Bl©A-f^-vX*»6BJ&l/. TE©£ 
1 T^LtN - 8 JRMttfcJB^Tfr o fc. 

[0 0 2 7] S»©pH(i6-7T*5. 

[0 0 2 8] 

«1] 

40 
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(6) 



-2097 57 



10 



file % 



*mm*®m§L (g/i ) 



KNO3 0.1 -X. 000 

CaCl2 x 2H 2 0 0.013 

Na2HP04x2H2O 0.260 

KH2PO4 0.740 

MgS0 4 x7H 2 0 0.050 

FeEDTA 0.010 



Al 2 (S0 4 ) 3 xl8H 2 0 

MnCl 2 x4H 2 0 

CuS0 4 x5H 2 0 

ZnS0 4 x7H 2 0 

CoS0 4 x7H 2 0 
[0 0 2 9] I^^W^fttt, iSHlrri 2 . 8S£2 0cm 

nt>ntc. mjjomstb. mmRV&&m\tm 

[0 0 3 0] m37bm6\Z7fi-£ftZ£5\Z, *^©g 

m\z*>ftz±x<DmG<D£.m\*> z\n\z*ti&t*m\z 
ssttz&m&vwtzMzm&K&z. 
?>m\ts 1 2amzmtfmft\zt3.oit. ±e© 

&5\zM1Z-£ti1tn7*—!?\t. *5g^©ggOi««I$ 
[0 0 3 1] 81112 

±JS©iie*tt, ZUVv ' xv-y- (Chlorella emer 40 



0.035 xlO- 4 
0.013 x 10^ 
0.018x10^ 
0.032x10-3 

0.018x10^ 

&<Dm<Df$.&\z$>^T'bw\cmiflft&t% z t \tm 
z<Dwmt<t>\zmm-v$>z>. mx\z, f^oi^-a* 

(Dunaliella bardawill) *>«0 2 ©g@Tj£fi 

nvtbztuttz. z<D£vtziSLmmm\z®m-v$> 

[0 0 3 2] ElT^^fccktfS^-h©?-*^ Z 

n*><D£Mi\zm>p>nftib<Dn$>z>. 
■t>m^*>wt. ssat©pHtt7-8T»^. 

[0 0 3 3] 
[S2] 
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(7) 1$l!¥6-2 0 9 7 5 7 

11 12 

%1 



NaCl** 


150-250 


NaHC0 3 


0.420 


KN0 3 


0.03 - 0.09 


CaCb x 2H2O 


0.030 


KH2PO4 


0.272 


MgS0 4 x7H 2 0 


1.240 


M11CI2 x 4H 2 0 


0.400 x 10- 3 


CuCl2 x 2H 2 0 


0.040 x 10- 3 


ZnCl 2 


0.040x10-3 


CoCl 2 x6H 2 0 


0.015 x lO" 3 


H3BO3 


0.600 x lO- 3 


(NH4)6M070 2 4x4H 2 0 


0.370x10-3 



Dissolved in tap water. 
[0034] gjjgfj 

&mznrzmw\m2izmt*tircho-?&K>. &«ot 30 

;K0ift5tt2 0 0 cm (total) &tf 1 7 0 cm (ful 
I) , &-fe;KD$Hft3te3 6 cm, &-k;i^&D©*l 
WO.® 1 8 U v h^T&S. 41V (.tft.t>*>®2 

nrc4S©gi) o&mtfmzn. lpmrcvzom 

C0-fe;VS^*. *ai44mfcttD, 8&Stt5 4 0'J-.y 
h)VtUK), m&£#£LT\m&2 1 6 0'JyMWi 

»^ffi«li2 7. 2¥*^-h^TS5. 

[00351 tfi&mte 

■t)UZ\t, /M^IO (02) ZftVT, lolSfe03 40 

g/ml, ? a D 7 ;KP»£tt 1 . 0/ig/mITJb 
MS 

tuuyj MZftt 5 £ - * n >©«gjt# 8 BUT 
£«S*i4 0 - 6 0 u g/m 1 icStU. Sfc, 4MIC» 



*©ffij&t3 0 - 4 0 <t g/m 1 It^Ufcttlr, EHW» 

f? t>nfc. «s» i m i ^fcooiffliiasctt. Kna 1 . 

5-2X 1 0<\ 4f.«ttl-l. 5X 1 O'Wot. 
[0 0 3 6] /W7"9 (02) Sr^-bTSffiO 

5 0%£fl«£jg*>*Kl&i9mU zmSfctSB-B-U** 
£ t fc«fc Off fctlS. He?j i 2-2 4B$IW&l;:tt«teS57 
U *>£*>e>CD-hSB7 7* 5^a>tt;M!/9ft^l/T 

3 

[0 0 3 7] H 
WttnSsM 

%MWm> 199 1^4^3 0 6*^199 1^6^ 

1 1 b (4 2 am <ommzfit>tiit. ututmt. r 
Ko*3»c^anrv^. 

[0 0 3 8] 
[*3] 
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13 



(8) 



^3 



-209757 



14 



mi) 


*B ?K lyJ i *s 

mm 

(metal),.... _ 


fnT iH? <■*■ 4n 

£ - ft nf >I 
(mg/ 1 ) 


5 jn i b 


a 


40.5 


5fl 2 0 a 


53 


zo.o 


5£ 2 6 B 


46 


23.0 


5/13 0 0 


42 


21.0 


6/J 20 


41 


20.5 


6/i 6 0 


40 


20.0 


6£ 9 0 


41 


20.5 


6/3110 


30 


15.0 



[0 0 3 9] 0 3. 9 2 g©)3-* 

a?>ijt±M2nn. mmmmmnmsm. 28-3 

&) . !S*XiJ7tC*U**HI*«©3l«tt. 2,0 0 # 
0 - 2. 5 0 0 w E/ (m 2 Xsec) TSofc. 9-> 
X : £h5>X&*l:#Jt«> 6 0:4 OT^t. * 



19 9 1^1 0^ 2 0H*>e.l 9 9 1*M 
2£ 8 B (5 0 0 M) «D«WlCfftonfc. &§M6*tt. 

[0040] 
»4] 



(199D 



1 0/3 2 6 B 

1 lfl 3 B 

1 lfl 7 0 

I 1 M 1 1 B 

I I n 1 70 

I 1 £2 4 B 

I I n 2 8 B 

12/3 8 B 



ttJK 



32 
36 
30 
32 
36 
37 
27 
36 



(mg/1) 



[0 0 4 1] !1©$U&"C. *S*2 8 7.2 8 g©0-# 
d?>*t£g£nfc. ig«j£©ilgtt, *Ft38l$©iKl5 
r36>6 / F«4l9Ott2 0r©|III**»Lfc. ^KX'JT 
fc45tt£±B3fe«©3SKtt, 100 -700m E/ 

(m 2 Xsec) rSb-Dko 9->X : £h?>Xgtt# 
Jttt. 7 5 : 2 5T*?&. ±EI*fW!*jRf 

frt>n&t>©-p*o. **w*wsrr*&ft-cttttK 
*»wtt*a«©«§«©js*icj6;jH'r* z turn** 

ttftO/tf t R*l/r»»/> 6*1* "bOTttfeV*. 

SJitrttnJtrcfc*. 



40 



16 
18 
15 
16 
18 
18.5 
13.5 
18 

HlfOfMUMM] 

[01] *BW©-fS«flfc±*8«£*Ufcfc©T? 



50 



[02] *ftH<^®#gu^ffH:£S2»&* 

t;t *>©■?&*. 

[0 3] }»>|>TI«ft*l/ft6n&^Ol/9'XT-V 
x (Chlorella emersonii ) ©fifcBi, #»93l;:<J:*-t 

[04] Sift. *»W©*«iKRUT, 
©A'-f ^TX©lt«S^l/«:'b©-PfeS. 
[0 5] fe+&tf*B93©8ii»C43tt*:*; 

(canthaianthin) ©fi[iSS^Ufc"b©"Pab5. 
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-373- 



(10) 



®m¥6-2 0 9 7 5 7 



[04] [05] 




2 0 2 4 6 8 10 12 14 16 18 20 22 



mm (B») 



